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Abstract.
The Fock-Tani formalism is a first principle method to obtain effective interactions from mi-
croscopic Hamiltonians. Usually this formalism was applied to scattering, here we introduced it to
calculate partial decay widths for mesons.
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INTRODUCTION
In the Fock-Tani representation [1] one starts with the Fock representation of the sys-
tem using field operators of elementary constituents which satisfy canonical (anti)
commutation relations. Composite-particle field operators are linear combinations of the
elementary-particle operators and do not generally satisfy canonical (anti) commutation
relations. “Ideal" field operators acting on an enlarged Fock space are then introduced
in close correspondence with the composite ones. The enlarged Fock space is a graded
direct product of the original Fock space and an “ideal state space". The ideal operators
correspond to particles with the same quantum numbers of the composites; however,
they satisfy by definition canonical (anti)commutation relations. Next, a given unitary
transformation, which transforms the single composite states into single ideal states, is
introduced. When the transformation acts on operators in the subspace of the enlarged
Fock space which contains no ideal particles, the transformed operators explicitly ex-
press the interactions of composites and constituents. Application of the unitary opera-
tor on the microscopic Hamiltonian, or on other hermitian operators expressed in terms
of the elementary constituent field operators, gives equivalent operators which contain
the ideal field operators. In the present we apply the formalism to meson decay into
two-mesons. In particular the example system is ρ+ → pi+pi0.
THE FOCK-TANI FORMALISM
Now let us to apply the Fock-Tani formalism in the microscopic Hamiltonian to obtain
an effective Hamiltonian. In the Fock-Tani formalism we can write the meson creation
operators in the following form
M†α = Φ
µν
α q†µ q¯
†
ν .
where Φµνα is the bound-state wave-functions for two-quarks respectively.The operators
of the quark and antiquark obey the following anticommutation relations
{qµ ,qν}= {q¯µ , q¯ν}= {qµ , q¯ν}= {qµ , q¯†ν}= 0
{qµ ,q†ν}= {q¯µ , q¯†ν}= δµν .
The composite meson operators satisfy non-canonical commutation relations
[Mα ,Mβ ] = 0; [Mα ,M
†
β ] = δαβ −∆αβ
where
∆αβ = Φ⋆µγα Φγρβ q
†
ρqµ +Φ
⋆µγ
α Φ
γρ
β q¯
†
ρ q¯µ .
The idea of the Fock-Tani formalism is to make a representation change, of form
that the composite particles operators are described by operators that satisfy canonical
commutation relations. i.e., which obey canonical relations
[mα ,mβ ] = 0 ; [mα ,m†β ] = δαβ .
where m†α is the operator of the “ideal particle” creation. This way one can transform the
composite state |α〉 into an ideal state |α ), in the meson case for example we have
U−1 M†α |0) = m†α |0) = |α )
where U = exp(tF) and F is the generator of the meson transformation given by
F = ∑
α
m†α ˜Mα − ˜M†αmα
with
˜Mα = Mα +
1
2
∆αβ Mβ +
1
2
M†β [∆βγ ,Mα ]Mγ .
A set of Heisenberg-like equations for the basic operators m,M,q
dmα(t)
dt = [mα(t),F] =
˜Mα(t) ;
d ˜Mα(t)
dt = [
˜Mα(t),F] =−mα(t) .
The simplicity of these equations are not present in the equations for q
dqµ(t)
dt = [qµ(t),F] =−Φ
µν
α q¯†ν(t)mα(t)
and
dq¯ν(t)
dt = [q¯ν(t),F] = Φ
µν
α q†µ(t)mα(t).
The solution for these equations can be found order by order in the wavefunctions. For
zero order one has q(0)µ (t) = qµ , q¯
(0)
ν (t) = q¯ν , m
(0)
α (t) = Mα sin t +mα cos t M
(0)
β (t) =
Mβ cos t −mβ sin t. In the first order m(1)α = 0, M(1)β = 0 and q
(1)
µ (t) = −Φµν1α q¯†ν1(Mα −
mα); q¯
(1)
ν (t) = Φ
µ1ν
α q†µ1(Mα −mα). for these calculations, we are using t =−pi2 Conse-
quently, for second and third order, one obtains
q(2)µ (t) =
1
2
Φ∗µ2ν1α Φ
µν1
β [−m†αmβ −M†αMβ +M†αmβ ]qµ2
q¯(2)ν (t) =
1
2
Φ∗µ1ν2α Φ
µ1ν
β [−m†αmβ −M†αMβ +M†αmβ ]q¯ν2
and
q(3)µ (t) =
1
2
Φ∗ρσα Φ
µσ
β Φ
ρσ1
γ q¯†σ1[−m†αmβ mγ −M†αmβ Mγ +m†αmβ Mγ
+M†αMβ Mγ ]+
1
2
Φ∗ρσα Φ
µν1
α Φ
ρσ1
β q¯
†
ν1 q¯
†
σ1 q¯σ [Mβ +mβ ]
+
1
2
Φ∗ρσα Φ
µν1
α Φ
ρ1σ
β q¯
†
ν1q
†
ρ1qρ [Mβ +mβ ]
q¯(3)ν (t) =
1
2
Φ∗ρσα Φ
ρν
β Φ
ρ1σ
γ q†ρ1[−m†αmβ mγ −M†αmβ Mγ +m†αmβ Mγ
+M†αMβ Mγ ]+
1
2
Φ∗ρσα Φ
µ1ν
α Φ
ρσ1
β q
†
µ1 q¯
†
σ1 q¯σ [Mβ +mβ ]
+
1
2
Φ∗ρσα Φ
µ1ν
α Φ
ρ1σ
β q
†
µ1q
†
ρ1qρ [Mβ +mβ ]
THE MICROSCOPIC MODEL
In this model we use the following Hamiltonian inspired in the 3P0 approach
H = g
∫
d3xΨ†(~x)γ0Ψ(~x).
Where the quark field is respectively
Ψ(~x) = ∑
s
∫ d3 p
(2pi)3/2
[u(
→p,s)b(
→p,s)+ v(−→p ,s)d†(−→p ,s)]ei
→p·~x.
and γ = g2mq where mq is the mass of both produced quarks. After momentum the
expansion of the quark field and retaining only the b†d† yields
HI = g∑
ss′
∫
d3pd3 p′δ
(−→p +−→p ′)u†
s′
(−→p ′)γ0υs (−→p )b†s′ (−→p ′)d†s (−→p ) .
Introducing the following notation b → q; d → q¯; µ = (−→p ′, s′); υ = (−→p , s) and
Vµν = g∑
ss′
∫
d3pd3 p′δ
(−→p +−→p ′)u†
s′
(−→p ′)γ0υs (−→p ) .
The Hamiltonian now is reduced to a compact form, HI = Vµν q†µ q¯†ν where sum (inte-
gration) is implied over repeated indexes. Applying the Fock-Tani transformation to HI
one obtains the effective Hamiltonian HIFT = U−1HIU . For a qq¯ meson A to decay to
mesons B+C we must have (qq¯)A → (qq¯)B +(qq¯)C . The transformed operators that
shall contribute to U−1HIU are
Hm =Vµν q
†(3)
µ q
†(0)
ν +Vµν q
†(1)
µ q
†(2)
ν
Which results in the effective meson decay Hamiltonian after some manipulation
Hm =−Φ∗µλα Φ∗ρσγ Φρλβ Vµν m†αm†γ mβ .
We now consider the transition mβ → m†αmγ , where |i〉 = m†β |0〉 and | f 〉 = m†αm†γ |0〉.
Finally we find
〈 f |Hm |i〉=−Φ∗ρνα Φρλβ Φ∗µλγ Vµν −Φ∗µλα Φρλβ Φ∗ρνγ Vµν
The meson wave function is defined as
Φµνα = χS1S2Sα ,MSα f
f1 f2
fα ,M fα
CC1C2Cα Φ
→p i
→p j
→
Pα
where χ is spin; f is flavor and C are color coefficients. The spatial parte is given by
Φ
→p i
→p j
→
Pα
= δ 3(
→
Pα − →pi − →p j)
(
1
pib2
)3/4
e
− 1
8b2
(
→pi−→p j)2
We analyze the particular case ρ+(+zˆ) → pi+pi− decay. For this decay have that the
flavor part is given by |ρ+〉 = |pi+〉 = −|u ¯d〉 ; |pi0〉 = 1√2 [|uu¯〉− |d ¯d〉] and the spin part
is given by |ρ(+zˆ)〉 = | ↑
_
↑〉 ; |pi〉 = 1√2 [| ↑
_
↓〉− | ↓
_
↑〉]. The transition matrix element is
given by
〈 f |HFT |i〉= δ 3(
→
Pβ −
→
Pα −
→
Pγ)h f i
with
h f i =
23
33
γ
(
1
pi3/4b1/2
)
P
b e
− P2
12b2
This h f i decay amplitude can be combined with relativistic phase space to give the
differential decay rate, which is [2]
dΓA→BC
dΩ = 2pi
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FIGURE 1. Γtheor for ρ → pipi ; Γexp = 151 MeV is obtained for β = 0.397GeV
resulting
ΓA→BC =
√
pi
27
36
(
g
2mq
)2
Mρ
(
P
b
)3
e
− P2
6b2 .
CONCLUSIONS
The Fock-Tani formalism is proven appropriate not only for hadron scattering but for
decay. The example decay process ρ+ → pi+pi0 in the Fock-Tani formalism reproduces
the predictions in the 3P0 model. The same procedure can be used for f0 (M) and for
heavier scalar mesons and compared with similar calculations with glue content.
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